Weyl semimetals (WSMs) are characterized by topologically stable pairs of nodal points in the band structure, that typically originate from splitting a degenerate Dirac point by breaking symmetries such as time reversal or inversion symmetry. Within the independent electron approximation, the transition between an insulating state and a WSM requires the local creation or annihilation of one or several pairs of Weyl nodes in reciprocal space. Here, we show that strong electron-electron interactions may qualitatively change this scenario. In particular, we reveal that the transition to a Weyl semi-metallic phase can become discontinuous, and, quite remarkably, pairs of Weyl nodes with a finite distance in momentum space suddenly appear or disappear in the spectral function. We associate this behavior to the buildup of strong many-body correlations in the topologically non-trivial regions, manifesting in dynamical fluctuations in the orbital channel. We also highlight the impact of electronic correlations on the Fermi arcs.
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The classification of topological states of matter has revolutionised our understanding of insulating [1] [2] [3] [4] and nodal materials [5] [6] [7] , leading to a novel conceptual framework for band-structure theory. Regarding insulating systems, topological insulators (TIs) [8] [9] [10] [11] [12] [13] represent a paradigmatic example of topological states, which are protected by symmetries such as time reversal symmetry (TRS), and are distinguished from conventional band insulators by topological band structure invariants. Within the independent-electron approximation, phase transitions between topologically distinct insulators occur via semi-metallic Dirac points.
In three spatial dimensions (3D), such critical Dirac points may be promoted to extended Weyl semimetal (WSM) phases [14] [15] [16] [17] [18] upon breaking TRS or inversion symmetry, since isolated nodal points in the band structure are topologically stable in 3D. Concretely, a symmetry breaking perturbation splits conventional spindegenerate Dirac cones into pairs of non-degenerate Weyl fermions with opposite chirality (see Fig. 1(a) for an illustration). At least within the independent electron approximation such Weyl nodes can only be locally annihilated by continuously bringing them together in reciprocal space with their chiral antidotes [14, 19] , and the robustness of WSMs against interactions as well as various intriguing correlation effects have recently been reported [20] [21] [22] [23] [24] [25] [26] [27] [28] . WSMs exhibit fascinating transport phenomena, related to the chiral anomaly and relativistic electronic dispersion at low energy, and have recently become a major focus of theoretical and experimental research, in a variety of materials ranging from pyrochlore iridates and tantalum monopnictides to synthetic materials such as optical lattices with laser-assisted tunneling [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
In this work, we report on the discovery of drastic changes to the phenomenology of WSMs in the presence of strong electronic correlations (see Fig. 1(b) for a visualisation). We show this by solving a multi-orbital 3D Hubbard model with a TRS breaking term in the framework of dynamical mean-field theory (DMFT) [39, 40] . Quite remarkably, we find that interactions may lead to the discontinuous annihilation of Weyl nodes in momentum space at a first-order WSM-to-insulator transition. In this scenario, pairs of Weyl points suddenly disappear notwithstanding their finite separation in momentum space, leaving behind a gapped state. This genuine many-body effect may have a deep impact on the prediction and possible detection of WSMs in correlated materials. Conversely, when approaching the transition to a WSM from the trivial band insulator (BI) phase, the nodal phase is entered discontinuously in the strongly interacting regime, without the continuous bifurcation of a degenerate Dirac cone into two distinct Weyl nodes. Furthermore, we unveil the presence of a quantum tricritical point (QTP), associated to an instability in the orbital channel. Beyond this point the WSM region is dramatically reduced and eventually suppressed in favor of a discontinuous transition between two insulators.
We consider a 3D simple cubic lattice model of spinful electrons with two orbitals per site and unit lattice constant, describing a 3D TI exposed to a TRS-breaking perturbation. The Hamiltonian H may be written as the sum of a single-particle term diagonal in momentum space and a two-body interaction local in real space
, where we introduced the four-component spinor Ψ(k) = (c k1↑ , c k2↑ , c k1↓ , c k2↓ ), with the operator c kασ , α = 1, 2, σ =↑, ↓ annihilating an electron with momentum k and spin σ in orbital α. The non-interacting term is
where σ i and τ j with i, j = x, y, z denote Pauli ma- trices in spin and orbital space, respectively, and σ i τ j are Kronecker products. The dispersion is M(k) = M − (cos k x + cos k y + cos k z ) and b z is the strength of the TRS breaking term. In the following we will consider as our unit of energy and fix λ to 0.5.
In the non-interacting regime and for b z = 0 the model describes a weak TI (WTI) and a strong TI (STI) for M < 1 and 1 < M < 3, respectively, and a trivial BI for M > 3. The topological transitions between these phases occur via the continuous closure of the energy gap and the concomitant formation of a degenerate Dirac cone [41, 42] . A finite value of b z breaks the TRS and lifts the spin degeneracy, though without giving rise to a net magnetization. The Dirac cone at the transition point splits into two Weyl cones separated in momentum space along k z . Each Weyl node acts as the magnetic (anti)monopole for the Berry phase and is characterized by a Chern invariant measuring its chirality [2, 43, 44] . The absence of a protecting TRS makes the topological character of the WSM in some sense more robust than the usual symmetry-protected TIs. In the absence of interaction the destruction (formation) of the Weyl cones can only occur through their continuous annihilation (separation) at a specific high-symmetry point.
The topological quantum phase transition points are thus replaced by two distinct WSM phases in two windows ∆M = 2b z centered around M = 1 and M = 3. The one separating the WTI from the STI features three disctint couples of Weyl points, located near the highsymmetry points X, X and Γ and separated along the k z direction in the reciprocal lattice space. The second WSM state, separating the STI from the BI, features only one pair of Weyl nodes, located along k z around Γ, see To study the effect of interactions, we include a Hubbard term, neglecting the exchange term for simplicity
ασ n iασ is the total occupation number operator on lattice site i. The interacting model is then solved non-perturbatively by means of DMFT [39] [40] [41] [42] , i.e. by mapping the lattice problem onto a single-site quantum impurity coupled to an effective bath which is self-consistently determined. Within the DMFT approach, the effects of interaction are contained in the local self-energy function Σ, which in our case is a 4 × 4 matrix in the spin and orbital space retaining the local symmetries of the problem. Zero-temperature results have been obtained using a Lanczos based exact diagonalization method [39, 45, 46] discretising the bath with N b = 9 levels. The main result of this work, namely the non-local annihilation of the Weyl points in presence of electronic interaction, is robust against a change of N b as well as the presence of finite-temperature, as we checked using a continuous-time quantum Monte Carlo solver [47] .
The two aforementioned WSM phases are found to be influenced by the local Coulomb repulsion in a qualitatively distinct way. The one occurring between the weakand strong TI undergoes a rather predictable and basically adiabatic evolution as a function of U . By contrast, the WSM separating the STI and the BI drastically changes its nature as the electron-electron interaction exceeds a certain value. This main result of our work is illustrated in Fig. 1(b) . The position of the Weyl points in k z as a function of M is shown by the red and blue lines. In summary, for small U (top panel) the two nodes form a closed path, bridging the STI with the BI region across Fig. 1b ) a discontinuous evolution is observed. The Weyl nodes appear all of a sudden already separated in k-space at a critical value of the mass term M . Upon further increasing M , the position of the cones evolves continuously, but they soon nonlocally disappear in favor of the band insulator, without meeting in momentum space. Correspondingly, the red and blue lines are no longer connected, a situation that is fundamentally forbidden within the independent electron approximation.
This intriguing phenomenon can be further characterized by inspecting the correlation strength which we measure in terms of the deviation from Hartree-Fock theory of our semi-metallic solutions [41, 42, 48] . Since within DMFT we take into account contributions to the (local) self-energy to all orders, our solution displays self-energy corrections that are much richer than Hartree-Fock theory. In particular, the self-energy Σ is found to exhibit a pronounced frequency structure at intermediate-to-large U , thus qualitatively deviating from the static mean field solution [49, 50] . We can measure this effect by computing the difference between the low-frequency limit, which describes the quasiparticles and the high-energy
, where Σ HF is the large frequency limit of Σ [41, 42] . The behavior of Ξ is represented by the background color in Fig. 1(b) . In the topmost panel the evolution of Ξ as a function of M is smooth everywhere and, similar to the non-interacting case, the Weyl nodes continuously meet in k-space at each insulator-to-semimetal transition. In the central panel, the correlation strength changes discontinuously at specific values of M at both sides of the dashed line, signalling the abrupt occurrence of the WSM phase from both directions. Since electron-electron interaction suppresses charge fluctuations associated with the formation of Weyl nodes, the WSM region generally shrinks as U increases.
For even larger interaction strength (lower panel in Fig. 1(b) ), the system undergoes a discontinuous transition directly from the strong TI to the trivial BI without any semi-metallic phase in between. In this regime, the character of the WSM would be so strongly modified by many-body effects that the most natural evolution for the system is to link the two distinct insulating phases without any intermediate semimetal. In Fig. 1(b) , this is evident from the sudden change of color at the critical value of M , which takes place with hardly any shading, as the semi-metallic region is completely suppressed. To summarize, in the non-trivial regions the ground-state develops a robust many-body character, encoded in a large value of Ξ, which can not be continuously reconciled with the far less correlated nature of the solution in the trivial BI phase. This effect manifests in the discontinuous change of the (frequency dependent) self-energy. This behavior is reminiscent of the strongly correlated transition found in the presence of TRS and inversion symmetry, where a Dirac semimetal line (rather than a WSM region) cannot be continued to large values of U [41, 42] .
There is a more intuitive way of interpreting our results. Concerning the topological nature of the system, the solution of the interacting problem can be recast into a quadratic effective Hamiltonian containing all the terms of Eq. 1. This way the effect of the electron-electron interaction is accounted for by renormalized parameters whose evolution can be compared to the non-interacting case. The two relevant model parameters are the effective mass WSM phase. The orbital compressibility smoothly decreases upon approaching the BI region. On the contrary, in the middle panel the behavior of the effective parameters becomes discontinuous. In particular, the evolution of the effective mass term M eff exhibits pronounced discontinuities at the crossing of the b eff z lines delimiting the semi-metallic phase. The many-body nature of the strongly correlated solutions is demonstrated by the behavior of κ, displaying large peaks at the transition points. Interestingly, the WSM region extends asymmetrically around M 0 . Indeed, the effect of the interaction is more pronounced in the strong TI phase, because of the more fluctuating orbital polarization T z , as compared to the close to fully orbitally polarized BI. In the bottom panel of Fig. 2 , we report the evolution of the effective parameters for a larger interaction strenght U . In this regime, the Weyl region is entirely absent. M eff has a large discontinuity just around the critical value M 0 , unveiling the direct first-order transition between the STI and the BI phases. This transition is characterized by a large peak of the orbital compressibility at the transition point.
An overview of our findings is provided in Fig. 3 , where we show the complete phase diagram of the model in the U -M plane. The different phases of the model are separated by the two WSM regions. The boundary lines of the WSM regions have an overall decreasing behavior as a function of U , which results from the tendency of the interaction to favour the orbitally polarized states, i.e. the trivial BI with two electrons occupying the lowest orbital. As anticipated above, the two WSM phases un- Finally we investigate the fate of the boundary modes in the presence of correlations. A distinctive property of WSM are Fermi arcs connecting the projection of the two bulk Weyl nodes onto the surface Brillouin zone. In a single-particle scheme, approaching the topological transition is associated to the progressive shortening of the Fermi arcs until the two ends coalesce in an insulator. It is natural to expect that the scenario we unveiled influences this picture.
To address the correlated boundary states, in Fig. 4 we show the spectrum of the model Eq. (1) in a slab geometry with open boundary conditions along y. Our results illustrate the sudden (dis)appearance of the Fermi arcs across the transition for a large value of the interaction U , reflecting the first-order character of the transition observed in the bulk system (see Fig. 3 ).
In conclusion, we revealed that in presence of a large electron-electron interaction the transition to and from a WSM can become of first order. In this scenario, the strongly correlated Weyl nodes can appear or annihilate discontinuously in a non-local fashion in reciprocal space at the transition point. The change in the nature of the transition is inherently linked to a many-body nature of the correlated Weyl semimetal whose distinctive property is an enhancement of the orbital compressibility. We described this behavior by the evolution of effective model parameters. Finally, we showed that in the strongly interacting regime the WSM region can progressively close in favor of a direct transition between two gapped phases.
